Abstract: A series of mono-and bis-benzimidazolium and imidazolium salts of 4-pyrone derivatives has been synthesized in good yields, by various quaternization reactions of halomethyl derivatives of 4H-pyran-4-ones. These salts can be used as novel precursors of functionalized N-heterocyclic carbenes and some of them as novel ionic liquids.
INTRODUCTION
Imidazolium and benzimidazolium salts are an important class of quaternary ammonium compounds (QACs) which have extensively achieved considerable attention in different chemical, biochemical and industrial areas [1] [2] [3] [4] [5] [6] [7] . Deprotonation of N,N -disubstituted derivatives of these salts, generates N-heterocyclic carbenes (NHCs) species. These nucleophilic carbenes as excellent ligands of metal ions are widely used in coordination chemistry [8, 9] . Resulting metal-NHC complexes have found great applications in medicinal chemistry [10] and as catalysts in many carbon-carbon bond forming reactions [11] [12] [13] [14] [15] [16] . Furthermore, applications of NHC precursors as organocatalysts in many organic transformations have rapidly increased [17, 18] .
Moreover, the imidazolium salts can serve as ionic liquids as environmentally benign solvents due to their interesting properties such as thermal stability, non-flammability, very low vapor pressure and reusability [19, 20] . 4-Pyrones and their heterocyclic derivatives constitute an important class of biologically active natural and synthetic products, continuing to attract interest [21] [22] [23] [24] . Since a variety of heterocycles with tethered imidazolium or benzimidazolium groups have been synthesized and used as carbene ligands, [25] [26] [27] [28] [29] , and through our recent attempts for the synthesis of heterocyclic and polyfunctional frameworks of 4-pyrones [30, 31] , we were interested in the preparation of imidazolium and benzimidazolium salts based on 4-pyrone structures. Herein we report synthesis of some of these salts starting from various halomethyl derivatives of 4-pyrones.
RESULTS AND DISCUSSION
Schemes 1 and 2 show the substitution reactions of halomethyl derivatives 1a-f. These starting compounds were *Address correspondence to this author at the Department of Organic and Biochemistry, Faculty of Chemistry, University of Tabriz, Iran; Tel: +984113393118; Fax: +984113340191; E-mail: ashahrisa@yahoo.com prepared from benzylic halogenations of the corresponding 4-pyrones according to the literatures [32] . Treatment of halomethyl derivatives 1a-d with commercial Nmethylimidazole in acetonitrile at 25 ºC for 24 hr, resulted in the formation of salts 2a-d, which were obtained in good yields and simple workup. The 4-(bromomethyl)phenyl derivatives 1e,f also react similarly to afford imidazolium salts 2e,f. To evaluate the possibility of reducing the melting points of these compounds to achieve the new ionic liquids, anion exchange reactions of these salts with AgBF 4 were carried out according to a known procedure [42] , to furnish the corresponding imidazolium tetrafluoroborates 3a-f (Schemes 1, 2). Table 1 shows the yields and uncorrected melting points of imidazolium salts. According to the table, the salts obtained from protected kojic acid, 2b, 3b, as well as ionic derivatives bearing phenyl group, 3d-f, melt below 100 º C or near room temperature. Due to the influence of miscibility of these salts in their applications, we also examined the miscibility of all synthesized salts in water and conventional organic solvents ( Table 2) . As shown in the table, good miscibility in water and methanol was observed for these salts.
We then examined the reactions of Nalkylbenzimidazoles with 2-halomethyl-4-pyrones (Scheme 1). At first, treatment of 1a,c with N-alkylbenzimidazoles in boiling acetonitrile resulted in trace amounts of salts even after extended time. But the addition of potassium iodide (KI, 1.1 eq.) to the mixture, led to the progress of the reactions and the benzimidazolium salts 2g-l were obtained after 10 h at 70 o C in good yields ( Table 3) . Employment of KI as activator for N -alkylation of N-alkylimidazoles with alkylchlorides has also been reported [6] . The utilized Nalkylbenzimidazoles, were prepared from alkylation of benzimidazole according to the reported procedures [43, 44] .
In order to obtain more interesting compounds from the standpoint of coordination chemistry, we then decided to synthesize the 4-pyrone-bridged bis imidazolium and benzimidazolium salts. Conditions: a 1-methylimidazole (2.2 mmol), 1a-f (2 mmol), acetonitrile (15 ml), r.t., 24 h. b: 2a-f (1 mmol), AgBF4 (2 mmol), H2O (14 ml), r.t., 1 h.
dibromide 4 with N-methylimidazole in acetonitrile at 25 ºC for 24 h, resulted in the formation of 6a (Scheme 3). For synthesis of the corresponding bis-benzimidazolium salts, we used an indirect route. Treatment of 4 with 2 equiv. of benzimidazole in the presence of sodium hydride in THF at 60°C for 24 h gave the bis(benzimidazolyl) derivative 5 in 90% yield (Scheme 3). Reactions of 5 with alkyl halides such as methyl iodide, ethyl bromide and n-butyl bromide in hot acetonitrile, again resulted in the formation of trace amounts of salts even after prolonged time. Addition of potassium iodide (2.0 eq.) to the reaction mixture, expedited the reactions and the bis-benzimidazolium iodides 6b-d were achieved at 70 o C in 74-84% yields (Scheme 3). Table 4 shows the yields and melting points of the 4-pyrone-bridged salts.
CONCLUSION
In conclusion, we have designed and synthesized a series of novel imidazolium and benzimidazolium salts containing a 4-pyrone moiety, by reaction of different halomethyl derivatives of 4-pyrones with N-methyl imidazole and Nmethyl benzimidazoles, followed by anion exchanging of imidazolium salts with AgBF 4 . These salts can be used as novel precursors of N-heterocyclic carbenes and some of them as novel ionic liquids. Solubility of all imidazolium salts has been studied in water and conventional organic solvents and remarkable results have been obtained. We have also synthesized the 4-pyrone bridged bis-imidazolium and benzimidazolium salts, from dibromide 4 in one or two steps respectively. Spectroscopic data of the selected salts are reported [47-49].
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